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@ An integral Interstitial fluid sensor. 



@ For applteation to the skin (12, 14) of a person or an animal for the detection of chemical components 
of tissue fluM, a fluki sensor (10) comprises a substrate (16) or a porous material for the passage of the 
IntersBtial flukl therethrough. At least two electrodes (18a, 18b) are provkled. At least one of the 
electrodes (18a) has one sMe (20) mounted on the subsbBte (16). The electrode (18a) is also of a porous 
material and pennits the passage of the interstitial fluM from one dde through to the second sMe which 
Is generally opposto the one sfda A layer (24) of chemkal is on the second sMe. The layer (24) of 
chemical comprises a chemical for reactton with one component of the flukl, mixed in a mediating 
agent The electrodes (18a, 18b) generate an electrical signal upon the detectton of the reaction of the 
one component of the fluid with the chemical. The electrical signal is received by an amperometric 
detector (32) and a display (34) is generated, Indicating the amount of the one component detected. A 
pump (30) sucks the flukl from the skin (12, 14) into the sensor (10). 
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TECHNICAL FIELD 

The present invention relates to a fluid sensor 
which can be applied to the skin of a patient or an ani- 
mal for the detection of chemical components of inter- 
stitial fluid, and more particutaily. wherein the 
interstitial fluid sensor Is an integral sensor. 

BACKGROUND OF THE INVENTION 

Apparatuses for measuring blood glucose con- 
centration are well known. See, for example, U.S. 
Patent no. 4,750,496. In an article entitled 'Novel 
Blood Glucose Monitoring Method and ISFET Biosen- 
sor Applied to Transcutaneous Effusion Ruki" by J. 
Kimura, N. Ito, T. Kuriyama, published In J. 
Electrochem. Soc, Vol 136, No. 6, June 1989, pp. 
1 744-1 747, Interstitial fluid was wittidrawn via a pump 
and applied to an ISFET bk)sen8or. The sensor was 
able to detect chemical components of the Interstitial 
fluid. 

The drawback of such an apparatus appeara to 
be the cumbersome requirement of the pump, sepa- 
rate and apart from the sensor, and the requirement 
of drawing out a large amount of interstitial fluid in 
order to sense the chemical components therein. This 
prohibits the use of an interstitial flukJ sensor which 
can be 'penHanenfly" attached to a person or an ani- 
mal for tiie detection of chemical components of the 
fluid on an 'as needed" basis. 

SUMMARy OF THE INVENTION 

In tiie present invention, an integral interstitial 
fluid sensor Is disclosed. The sensor is applied to the 
skin of a patient or animal, to detect the chemical conv- 
ponents of the Interstitial fluki. The sensor comprises 
a substrate of porous material which permits the pas- 
sage of the interstitial fluki therethrough. At least two 
electrodes are provided. One of the electrodes has 
two sides, witfi one skle mounted on the substrate. 
The one electrode is also of a porous material for the 
passage of the intereta'tial fluid from the one side in 
contect witii the substrate ttirough to the second side 
which Is generally opposite the one side. A layer of 
chemical is on the second side. The layer comprises 
a chemical for reaction with one component of the 
interatitial fluM. The chemical Is mbced In a mediating 
agent The electrodes produce an electrical signal In 
response to the reaction of one component of the 
interstitial fluid witfi ttie chemical. Means for sucking 
tiie interstitial flukI finom the skin into the sensor is pro- 
vided. Finally a detector means receh^es the electrical 
signal generated by ttie electrodes and generates a 
display indicative of tiie amount of the one component 
In tiie Interstitial fluki detected. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a cross-sectional side view, greatiy 
exaggerated and enlarged, of one embodiment of an 
5 Integral interstitial fluid sensor of ttie present inven- 
tion. 

Figure 2 is an enlarged, greatiy exaggerated, 
cros&^ctional view of a component of anotiier 
embodiment of the integral Interatitial fluid sensor of 
10 the present Invention. 

Figure 3 is an enlarged, greatiy exaggerated, 
cross-sectional view of a component of yet anotiier 
embodiment of tiie integral interstitial fluM sensor of 
tiie present Invention. 

IS 

DETAILED DESCRIPTION OF THE DRAWINGS 

Referring to Rgure 1, there is shown an enlarged, 
greatiy exaggerated, cross^ectional skie view of one 

20 embodiment of the Integral interetitial fluid sensor 10 
of the present invention. The sensor 1 0 can be applied 
to the skin 12 of a peraon or an animal. Interstftial fluki 
reskiing In tiie derma or the subcutis layer 14 beneatti 
tiie eplderm skin layer 12 can be detected by the sen- 

25 sor 10. 

The sensor 10 comprises a substrate 16 of a por- 
ous material. Ttie substrate 16 Is applted to the 
eplderm layer 12 or the outermost skin layer 12. The 
substrate 16 is of a porous material. In one embodi- 

30 ment, the substrate 16 is made of ceramic. In one 
embodiment shown In Figure 1, two electrodes 18A 
and 18B are placed on the substrate 16. Each of the 
electrodes 18A and 18B has two sides, one side 20 
is mounted on ttie substrate 16. Each of tiie eleo- 

35 trodes 1 8A and 18B is also of a porous material and 
pemiite ttie passage df Interstitial flukf ttierettirough 
from one side 20 tiirough to tiie second side 22 which 
is generally opposite ttie one side 20. 

A layer of chemical 24 Is on the second side 22 

40 of tiie electrodes 18A and 18B. The chemical 24 com- 
prises a chemical for reacting wtth one component of 
tiie interstitial fluid, witii ttie chemical mbced In a 
mediating agent 

The substrate 16, the electrodes 18A and 18B, 

45 and the chemical 24 are all conteined in a vessel 28 
with one end of the vessel 28 placed upon the skin or 
ttie epidenn layer 1 2. The otiier skie of tiie vessel 28 
attached to a pump 30. The pump 30 sucks the 
Interetitial fluk! ftom ttie derm layer 14, ttirough ttie 

so eplderm layer 12, through the porous substrate 16 
and ttireugh the electrodes ISA and 18B into ttie 
chemical layer 24. where it reacts wltti the chemtoals. 
The reaction of ttie chemical 24 wtth the interstitial 
fluki produces an electrical signal which is picked up 

65 by the electrodes 18A and 18B. The electrical signal 
can be measured by a detector 32. The detector 32 Is 
an amperometric detector and operates to detect tiie 
current generated by tiie electrodes 18A and 18B. 
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The display of the amount of cuirent In the eiedifcal 
sfgnal detected by the detector 32, indicates the 
amount of the one chemical component of the inter- 
stitial fluid. 

In one embodiment, the sensor 10 is adapted to 
measure the glucose content of the Interstitial fluid. 
The substrate 16 has the dimensions of approxinv 
ately 2 to 4 Cm^. The pump 30 applies a suction at a 
rate of approximately 200-400 torr. Each of the elec- 
trodes 18A or 18B can be 1mm. square. Thus, a total 
volume of approximately .01 microliter of the sensor 
1 0 needs to be wetted. At a sampling rate of approxim- 
ately A micn}liter/hiin/cm2, the entire electrodes ISA 
and 18B can be wetted in less than 2 seconds. The 
chemical 24 Is an enzyme glucose oxidase and the 
mediator is inmiobQized on the electrodes 18A and 
18B. The thickness of the enzyme chemical layer 24 
can be approximately 10 micrometer. 

Using an amperometric detector 32, having a dis- 
play 34, with a mediator, the sensor 1 0 of the present 
invention avoids buffer and oxygen dependency. As 
previously stated, the substrate 16 can be made of a 
porous material such as ceramic. Each of the elec- 
trodes can be made by sputtering metal upon a por- 
ous substrate, again, such as ceramla One of the 
electrodes 18A can be Pt sputtered upon a porous 
substrate, such as ceramic. The other electrode 188 
can be Ag sputtered on ceramic and converted to 
AgCI electrochemlcally or by chemical treatment, e.g. 
by bringing Ag in contact with 1% PeDs in 0.1m HCI. 
One of the electrodes 188 operates as the refsrence 
electrode with the other operating as the working elec- 
trode 18A in an amperometric sensing measurement, 
which Is well known in the art 

Referring to Figure 2, there Is shown another 
embodiment of the sensor 1 0 of the present invention. 
The difference between the embodiment shown in 
Figure 2 and the embodiment shown In Figure lis that 
in Figure 2, only one of the electrodes 18A is mounted 
on the substrate 16. The second electrode 188 is 
mounted directly opposite the first electrode 18A with 
the layer of chemical 24 therebetween. Thus, in Rg- 
urs 2, the interstitial flukl passes substantially ttirough 
the substrate 16 and through the first electrode 18A 
into the chemical layer 24. The second electrode 1 88 
has one surface In contact with the layer of chemical 
24 and a second surface generally opposite thereto. 
The second electtode 188 is also generally on a por- 
ous material. With the first electrode 18A also being 
of a porous material, tiie pump 30 can suck the inter- 
stitial fluM through the substrate 1 8 and Into the cheno- 
Icallayerat24. 

Referring to Figure 3, there is shown yet another 
embodiment of the sensor 1 0 of the present invention. 
In Figure 3. the two electrodes ISAand 188 have one 
ekle thereof mounted on the porous substrate 16. 
Each of the second side of the electrodes 18A and 
1 88 feces and is in contact with the layer of chemical 



24. Thus, in Figure 3, the interstitial fluid passes sub- 
stantially through the chemical layer 24 (possibly after 
passing through a layer of second porous material), 
and contacts the layer of chemicals 24 and tiie first 
5 and second electrodes 18A and 188. The fluid then 
passes through the substrate 16. The pump 30 can 
suck the interstitial fluid tiirough the layer 24 of chenv 
ical into the electrodes 18A and 188 and through the 
substrate 16. 

10 There are many advantages to the integral inter- 
stitial fluid of the present Invention. The particular 
advantage is that the volume of fluid sucked from the 
person or animal can be extremely small. Thus, the 
entire assembly can be made small, e.g. the size ctf a 

IS wrist watch. For measurement of certain chemical 
components in the interstitial fluid, such as glucose, 
the sensor 10 can be worn by a diabetic patient so the 
glucose measurement can be done *on demand.* 
This will result In a convenient device for tiie oontinu- 

20 ous monitoring of glucose in tissue fluid which as 
known in the prior art, witti the glucose In tiie Intersti- 
tial fluid correlating to the glucose in blood. 



1. An integral interstitial fluid sensor for application 
to the skin of a person or an animal for the detec- 
tion of chemical components of said fluid, sakJ 

30 sensor, comprising: 

a substrate of a porous material for ttie 
passage of tiie interstitial fluid ttieretiirough; 
at least two electrodes; 
one of the elecbodes has two sides, one 
35 sMe is mounted on saM substrate witti a second 
skJe generally opposite saki one skJe, saki elec- 
bode is of a porous material for the passage of the 
interstitial fluid through tiie two skies; 

a layer of chemical in contact witii said 
40 second side of said one electrode, said layer 
comprising a chemical, for reaction with one com- 
ponent of said fluid, mbced in a mediating agent; 

said electrodes for generating an electrical 
signal in response to tiie reaction of tiie one com- 
45 ponent of said fluid with said layer of chemical; 

detecting means for receiving said electri- 
cal signal and for generating a display In res- 
ponse thereto; and 

means for sucking said fluM flnom the skin 
50 into saki layer of chemical. 

2. The sensor of Cfalm 1 wherein each of said two 
electrodes is mounted on said substrate, each 
electrode has two skies with one side on said sub- 

55 strata and a second skle generally opposite 
thereto, for the passage of ttie interstitial fluki 
through saki two sides, and with said layer of 
chemk»l in contact witii said second side of each 
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of the electrodes. 

The sensor of Claim 1 wherein the other electrode 
has two sides with one side In contact with said 
layer of chemical, and a second side, generally 
opposite said one side, said other electnxle for 
the passage of the interstitial fiuid through the two 
sides. 

The sensor of Claim 1 wherein said sut>strate is 
ceramic. 

The sensor of Claim 1 wherein one of said elec- 
trodes comprises R on a porous sulistrate. 

ThesensorofCla&m 5 wherein the other electrode 
is AgCI on a porous sut)strate. 

Thesensor of Claim 1 wherein said layer of chenv 
ical is glucose oxidase and said one component 
is glucose. 
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